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本文针对 MM 结构三结电池的 MOCVD 外延生长开展研究，对 MM 结构的



































GaInP/InGaAs/Ge triple junction solar cell is a III-V group compound 
semiconductor photoelectric conversion device. Compared with silicon 
solar cell which is widely used now, GaInP/InGaAs/Ge triple junction 
solar cell has higher photoelectric conversion efficiency, stronger 
radiation resistance ability and better high temperature tolerance 
performance. It has become the most competitive new generation solar 
cell across the world, and it’s gradually extending its application range in 
the field of CPV and space flight. 
The paper studies the MOCVD epitaxy growth of metamorphic structure 
triple junction solar cells, for important parts of the metamorphic (MM) 
structure solar cell: stress gradient buffer layer, Ge bottom cell,InGaAs 
subcell , GaInP subcell, by the epitaxial growth condition selection and 
structural design optimization experiment, finally we got the growth 
condition for the entire structure of MM structure solar cell with excellent 
performance 
Concrete research content is as follows:  
1、The selection, structure design and successful realization of the 
initial-layer material of Ge bottom cell can slow down interface 
recombination speed and improve spectral respond of Ge bottom cell. 
2、For the InGaAs subcell, by the optimization design of doping and 
lattice matching of each layer, effectively improve the performance of 
InGaAs middle cell. 
3、The material selection of window layer and BSF layer for GaInP top 
cell can improve the spectral respond of short-wave band.For the emitter 
layer of GaInP top cell, by the optimization of the doping level, 













4、The current matching optimization of MM structure solar cell and wide 
bandgap tunnel junction development. By controlling the growth 
condition of GaInP - Te monolayer, realized the application of wide 
bandgap tunnel junction in MM structure solar cell. Meanwhile, through 
improving the structure of top cell, choose suitable thickness of the base 
layer, the current match of InGaAs and GaInP subcell is realized, the 
excellent performance of triple junction cell structure has obtained, and 
the test efficiency reached the international level. 
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的 GaInP/GaAs/Ge三结电池由约 30层材料构成，采用 MOCVD技术或 MBE技术



































减慢、耐温性好、有效发电时间长等显著优势。   据专家介绍，目前我国





0.30万吨，减排二氧化碳 0.58万吨，二氧化硫 40.78吨，二氧化氮 34.40吨。
此外，这些光伏光热系统推广应用后每年能够生产电力 200万千瓦时，利用
热能 266万千瓦时，基本满足 1400多个普通家庭的日常能源需求，由此又可


































1000 倍或更高倍聚光的Ⅲ-Ⅴ太阳电池，因为市场上 Si 太阳电池已经做到几
百倍太阳聚光，虽然效率只有 25%。用更高倍聚光来抵消Ⅲ-Ⅴ太阳电池生产
成本。  
另一个建议使用 1000 倍聚光的原因来源于 CPV 实际产业化实验成本分
析，以西班牙 NFLATCOM 项目为例，2000 年完成的第一阶段实验，接近与完
全聚光 PV 模块原型制造过程。使用 RXI 光学聚光器 1000 倍聚光，使用 GaAs 
单结电池（25%）；使用高效率高倍聚光系统实现了商业光伏系统安装（10MWp）
成本为 2.8 欧元/Wp，另外，如果加上其他不过预期的成本估算为 4.8 欧元
/Wp，由此可见，需要使用 1000 倍聚光来抵消Ⅲ-Ⅴ太阳电池生产成本。  
CPV 在产业化实验的第二阶段，取得明显进展，实现了商业光伏系统成
本为 2.5 欧元/Wp，据估算，工作在 1000 倍聚光，效率为 30%的多结化合物
太阳电池，光伏系统成本为 2.5 欧元/Wp，而对于工作在 400 倍聚光，效率
为 38%的多结化合物太阳电池，光伏系统成本为 3.0欧元/Wp，对于工作在 250 
倍聚光，效率为 40%的多结化合物太阳电池，光伏系统成本为 3.8欧元/Wp，
对于工作在 1000 倍聚光，效率为 26%的多结化合物太阳电池，光伏系统成本



































晶格常数逐渐变化的 InGaAs或者 GaInP材料作为缓冲层连接晶格失配的 Ge
衬底和 InGaAs材料。这种结构由于与常规三结的主要差异是增加了晶格失配
的 Metramorphic层，因此简称为 MM结构。 
目前国际上最常用的 MM结构是 InGaAs中电池的 In组分为 0.08的
Ga0.44In0.56P/In0.08Ga0.92As/Ge结构
[17-18]，其带隙组合为 1.82eV/1.33eV/0.67eV；
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